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$EVWUDFW
7KH&RPSXWHU0RXVHLVDPRQJVWWKHPRVWXELTXLWRXVZLGHO\XVHGDQGZHOONQRZQDUWHIDFWV
RIWKHODWHWZHQWLHWKDQGHDUO\WZHQW\ILUVWFHQWXULHV7KHHVVHQWLDOIRUPUHPDLQVWKHVDPHDV
ZKHQLWZDVILUVWLQYHQWHGEXWGXULQJWKLVWLPHWKHPRXVHKDVWUDQVIRUPHGRXUSK\VLFDO
LQWHUDFWLRQZLWKDQGSHUFHSWLRQRIFRPSXWHUV:LWKLQFUHDVHGDWWHQWLRQEHLQJSDLGWRFXUDWLQJ
DQGFROOHFWLQJWHFKQRORJLHVRIWKHFRQWHPSRUDU\ZRUOGDQGZLWKLQWKHFRQWH[WRIDQ
DUFKDHRORJLFDOUHVHDUFKFXOWXUHWKDWH[WHQGVWRWKHFRQWHPSRUDU\DQDUFKDHRORJLFDO
H[DPLQDWLRQRIWKLVZLGHO\NQRZQDUWHIDFWDSSHDUHGWLPHO\7KHUHDUHPLOOLRQVLIQRWELOOLRQV
RIPLFHLQFLUFXODWLRQVRPHLQXVHDQGPDQ\REVROHWH'HVSLWHWKHLUDSSDUHQWXQLIRUPLW\WKH\
GLIIHULQVLJQLILFDQWZD\V([DPLQDWLRQRIWKHVHGLIIHUHQFHVFDQKHOSXVWRXQGHUVWDQGKXPDQ

H[SHULHQFHVRIWHFKQRORJ\LQZD\VWKDWUHVRQDWHZLWKDUWHIDFWW\SHVRIPXFKHDUOLHUSHULRGV
:LWKWKDWWLPHGHSWKLQPLQGWKLVSDSHUZLOOWKHUHIRUHIRFXVRQWKHIRUPDQGIXQFWLRQRIWKH
FRPSXWHUPRXVHDQGLWVSODFHLQWKHFRQWHPSRUDU\LPDJLQDWLRQ7KLVZLOOEHIROORZHGE\D
GHWDLOHGVWXG\RIILYHVSHFLILFH[DPSOHVZKLFKWRJHWKHULOOXVWUDWHVRPHRIWKHNH\LVVXHVDQG
FKDOOHQJHVWKDWIDFHXVDVDUFKDHRORJLVWVDQGFXUDWRUV
.H\ZRUGVFRPSXWHUPRXVHGLJLWDOWHFKQRORJ\PDWHULDOFXOWXUHSHUVRQDOFRPSXWHU

,QWURGXFWLRQ
'XULQJWKHODWHWZHQWLHWKDQGHDUO\WZHQW\ILUVWFHQWXULHVGLJLWDOWHFKQRORJLHVKDYHFRPHWR
SOD\DQLQFUHDVLQJO\FHQWUDOSDUWLQRXUOLYHV7KLVKDVEHHQDSHULRGRIFRQVWDQWWHFKQRORJLFDO
FKDQJHLQFRPSXWLQJPDFKLQHU\DQGKDVOHGWRDQLQFUHDVLQJDEXQGDQFHRIREVROHWHKDUGZDUH
6RPHRIWKHVHREMHFWVKDYHEHHQUHFRJQLVHGIRUWKHLUFXOWXUDOVRFLDODQGHYHQDHVWKHWLF
VLJQLILFDQFH.LUNSDWULFN6LPRQEXWWKHPDMRULW\KDYHEHHQIRUJRWWHQ
:LWKLQWKLVJURZLQJERG\RIUHGXQGDQWWHFKQRORJ\ZHHQFRXQWHUPDVVLYHGLYHUVLW\
(YHQZLWKLQDVXEFDWHJRU\RISHULSKHUDOKDUGZDUHVXFKDVWKHFRPSXWHUPRXVHZHILQG
VXUSULVLQJDQGVLJQLILFDQWGHJUHHVRIYDULDWLRQ&RQQHFWRUVFRORXUVPDWHULDOVPRGHVRI
FRQVWUXFWLRQWUDFNLQJWHFKQRORJ\DQGQXPEHUVRIEXWWRQVKDYHDOOXQGHUJRQHFRQVWDQW
UHYLVLRQDQGUHGHVLJQ:KDWPD\DSSHDUDWILUVWJODQFHWREHRQHRIWKHPRVWSHUVLVWHQWDQG
XQFKDQJLQJIHDWXUHVRIFRPSXWLQJ¶VUHFHQWSDVWKDVDVZHVKDOOVKRZLQWKLVSDSHUUHPDLQHG
SURIRXQGO\XQVWDEOH
)LQGLQJPHDQLQJLQWKHYDULDWLRQRIWKHIRUPIXQFWLRQDQGVW\OHRIDQREMHFWW\SHLV
IDUIURPXQLTXHLQWKHUHDOPRIDUFKDHRORJLFDOH[SHULHQFH3RFNHWNQLYHVSHQVDUURZKHDGV
DQGDQ\QXPEHURIRWKHUREMHFWW\SHVRIDUFKDHRORJLFDOLQWHUHVWGLVSOD\VXEVWDQWLDOGHJUHHVRI
YDULDWLRQ,WLVSRVVLEOHZLWKLQWKLVYDULDWLRQWRUHDGSURFHVVHVRIVRFLDOFKDQJHWRLGHQWLI\

SHUVRQDOUHVSRQVHVWRWHFKQRORJ\DQGWKURXJKWKHGHYHORSPHQWRIGHHSXQGHUVWDQGLQJVRI
WKHVHWRROVLWLVSRVVLEOHWREHWWHUXQGHUVWDQGKXPDQHQJDJHPHQWVZLWKWKHSK\VLFDOVRFLDO
DQGLQWHOOHFWXDOZRUOGVZLWKLQZKLFKWKH\ZHUHXVHG7KLVLVDVWUXHIRUWKHFRPSXWHUPRXVH
DVLWLVIRUDQ\RIWKHWRROW\SHVPHQWLRQHGDERYH-XVWDVLQWKHVHFDVHVDVWKHFLUFXPVWDQFHV
RIXVHDOWHUDQGDVWKHWHFKQRORJ\LWVHOIFKDQJHVLWFDQEHGLIILFXOWWRDSSUHFLDWHRUWRH[SODLQ
VXEWOHYDULDWLRQVLQWKHIRUPIXQFWLRQDQGVW\OHRIWKHREMHFW
7KHFRPSXWHUPRXVHLVSHUKDSVRQWKHYHUJHRIEHFRPLQJREVROHWH$FNHUPDQ
$WWKLVGLVWLQFWKLVWRULFDOPRPHQWWKLVSDSHUUHYLVLWVWKHFRPSXWHUPRXVHDVD
FDWHJRU\RIREMHFWVZLWKWKHDLPRIDUHFRPSOLFDWLQJDQGHYHQUHFRYHULQJDQXQGHUVWDQGLQJ
RIWKHGLYHUVLW\SUHVHQWZLWKLQPLFHDVDFDWHJRU\RIREMHFWVDQGEIXUWKHUFKDOOHQJLQJ
LQQRYDWLRQFHQWUHGQDUUDWLYHVDVDPHDQVRIXQGHUVWDQGLQJGLJLWDOWHFKQRORJ\
7RWKLVHQGWKHUHVHDUFKSUHVHQWHGLQWKLVSDSHUVWXGLHGDFROOHFWLRQRIFRPSXWHUPLFH
XVLQJDEOHQGRIDUFKDHRORJLFDOREMHFWDQDO\VLVDQGH[SHULPHQWDOXVHUWHVWLQJ7KLVHQDEOHGXV
WRREVHUYHLQGLYLGXDOLWHPVEXWDOVRWRH[SORUHWKHDIIRUGDQFHVRIHDFKPRXVHDVDQREMHFW
EXWDOVRDVDUHSUHVHQWDWLYHRILWVW\SH

5HVHDUFK&RQWH[W
7KHFRPSXWHUPRXVHKDVEHHQDXELTXLWRXVFKDUDFWHULVWLFRISHUVRQDOFRPSXWLQJVLQFHLWV
ZLGHVSUHDGLQWURGXFWLRQLQWKHODWHVDQGHDUO\V$VLJQLILFDQWSURSRUWLRQRIKXPDQ
FRPSXWHULQWHUDFWLRQVKDYHLQYROYHGDPRXVHDQG\HWZLWKQRWDEOHH[FHSWLRQV$WNLQVRQ
WKH\WHQGWRIHDWXUHRQO\YHU\IOHHWLQJO\LQFRQYHQWLRQDOKLVWRULFDODFFRXQWVRI
FRPSXWLQJDQGKDUGZDUH7KLVFDQEHDWWULEXWHGLQSDUWWRWKHEURDGHUUHOXFWDQFHZLWKLQ
KLVWRULFDODFFRXQWVRIWHFKQRORJ\WRDFNQRZOHGJHWKHLPSRUWDQFHRIREMHFWV2OVHQ
,WDOVRKDVWRGRZLWKWKHSHUYDVLYHHPSKDVLVZLWKLQKLVWRULFDODFFRXQWVRIFRPSXWLQJXSRQ

LQQRYDWLRQDQGQRYHOW\DWWKHH[SHQVHRIZLGHO\XVHGHYHU\GD\REMHFWV0DKRQH\
6WHUQH%R\HUDQG(QJODQG3HOV)LQQ
7KHXVHDQGIRUPRISHUVRQDOFRPSXWHUVGXULQJWKHODVWWR\HDUVKDVEHHQ
FKDUDFWHULVHGDVPXFKE\FRQWLQXLW\DVLWKDVE\FKDQJH$WNLQVRQVHH)LJXUH
'HVSLWHPXFKSXEOLFLVHGLQQRYDWLRQVLQSHUIRUPDQFHFRQQHFWLYLW\DQGGHVLJQWKHIRUPRIWKH
SHUVRQDOFRPSXWHUKDVUHPDLQHGODUJHO\XQDOWHUHGVLQFHLWVLQWURGXFWLRQLQWKHVDQGLWV
SRSXODULVDWLRQLQWKHV7KHJHRJUDSK\RIWKHZRUNVSDFHKDVDOVRUHPDLQHGODUJHO\
XQFKDQJHGDQGLQPDQ\FDVHVWKHFRPSXWHUDQGLWVSHULSKHUDOWHFKQRORJLHVFRQWLQXHWR
RFFXS\DFHQWUDOSRVLWLRQ)RUDORQJWLPHWKHFRPSXWHUPRXVHZDVHPEOHPDWLFRIWKLV
FRQWLQXLW\,WVIXQFWLRQDOLW\UHPDLQVHVVHQWLDOO\XQDOWHUHGZKLOHLWVGHVLJQDQGFRQVWUXFWLRQ
KDYHEHHQPRGLILHGRQO\YHU\VOLJKWO\7KHKLVWRU\RIWKHPRXVHFDQEHDUJXHGWRKDYHPRUH
WRGRZLWKXELTXLW\WKDQLQQRYDWLRQDQGPRUHWRGRZLWKXVHUVWKDQLQYHQWRUV
),*85(+(5(!

+RZHYHUFKDQJHVLQWKHFRPSXWHUPRXVHZKHWKHUWKH\ZHUHLQWHQGHGWRFKHDSHQ
FRQVWUXFWLRQDGGQHZIXQFWLRQDOLW\XSGDWHFRQQHFWRUVRULQFUHDVHUHOLDELOLW\FDQWHOOXVD
JUHDWGHDODERXWWHFKQRORJ\GXULQJWKLVSHULRG$WNLQVRQ0LFHDOVRDFTXLUHGLIIHUHQFH
WKURXJKKXPDQLQWHUDFWLRQWKURXJKXVHDQGGHOLEHUDWHPRGLILFDWLRQ%\VWXG\LQJVSHFLILF
PLFHZHDOVRUHYHDOVWRULHVRIHYHU\GD\KXPDQLQWHUDFWLRQVZLWKDQGDWWLWXGHVWRFRPSXWLQJ
WHFKQRORJ\+LVWRULFDOO\VSHDNLQJWKHYDVWPDMRULW\RIKXPDQFRPSXWHULQWHUDFWLRQVKDYH
WDNHQSODFHXVLQJPDVVSURGXFHGDQGXQUHPDUNDEOHSHULSKHUDOWHFKQRORJLHVDQG\HWXQWLOQRZ
RXUDELOLW\WRHQJDJHZLWKWKHGLYHUVLW\DQGVLJQLILFDQFHRIWKHVHREMHFWVKDVEHHQOLPLWHG
(GJHUWRQDQGVHH*UDYHV%URZQIRUDEURDGO\FRPSDUDEOHH[DPSOHRID
XELTXLWRXVWHFKQRORJ\

7KHVWXG\RIFRQWHPSRUDU\WHFKQRORJ\KDVEHHQWKHIRFXVRIVWXG\DFURVVDQXPEHURI
GLIIHUHQWGLVFLSOLQHV7KLVKDVUDQJHGIURPWKHDQDO\VLVDQGGHVLJQRIFRPSXWLQJV\VWHPV
ZKLFKKDVWDNHQSODFHLQ&RPSXWHU6FLHQFHDQGWKHFRPSXWLQJLQGXVWU\WKURXJKWRKLVWRULFDO
DQGVRFLDOVWXGLHVDGGUHVVLQJWKHFXOWXUDOLPSDFWDQGVLJQLILFDQFHRIFRPSXWLQJDQG
EHKDYLRXUDOVWXGLHVRIWHFKQRORJ\DQGWHFKQRORJLFDOFKDQJHH[HPSOLILHGLQWKHZRUNRI
0LFKDHO6FKLIIHUHJ7KLVUHVHDUFKEXLOGVXSRQKLVWRULFDODSSURDFKHVWRWKH
VWXG\RIGLJLWDOWHFKQRORJ\ZKLFKKDYHVRXJKWWRGHYHORSVRFLDOKLVWRULHVRIFRPSXWDWLRQDO
WHFKQRORJ\DQGWRHPSKDVLVHWKHH[SHULHQFHVRIXVHUVDVZHOODVWKRVHLQYROYHGLQWKHLU
GHVLJQDQGGHYHORSPHQW(GJHUWRQ%O\WKDQG3UXJQRQ2XUUHVHDUFKLVDOVR
LQIRUPHGE\ZRUNLQVFLHQFHDQGWHFKQRORJ\VWXGLHV676DQGVRFLRORJ\ZKLFKKDVDLPHGWR
H[SORUHWKHFRFRQVWLWXWLYHUHODWLRQVKLSEHWZHHQWHFKQRORJ\VRFLHW\DQGWKHVHOI7XUNOH
$JDU%RUXSHWDO'RHODQG6|GHUTYLVW2XUJRDOLVWRFRQWULEXWHWR
WKLVERG\RIZRUNE\HPSKDVLVLQJWKHPDWHULDOLW\DQGDJHQF\RIGLJLWDOKDUGZDUHIROORZLQJ
RWKHUDUFKDHRORJLFDOLQYHVWLJDWLRQVRIFRQWHPSRUDU\FRPSXWLQJLQWKHSURFHVV*UDYHV%URZQ
0RVKHQVND0RUJDQDQG3HUU\$VLQWKHVHRWKHUDUFKDHRORJLFDOVWXGLHVZH
HPSKDVLVHWKHVLJQLILFDQFHRIWKHREMHFWUDWKHUWKDQYLHZLQJREMHFWVDVEHLQJV\PEROLFDOO\
UHSUHVHQWDWLYHRIDQH[WHUQDOLVHGKLVWRULFDOQDUUDWLYH%XFKOLDQG/XFDV:HKRSHWR
DGGDQHZGLPHQVLRQWRWKHVHDQDO\VHVE\HPSKDVLVLQJWKHSK\VLFDODQGLQWHOOHFWXDOLQWHUSOD\
EHWZHHQKXPDQVDQGFRPSXWHUVDQGE\H[SORULQJWKHUROHRIFRPSXWDWLRQDOKDUGZDUHLQRXU
OLYHVWRGD\DQGLQWKHSDVW$VVXFKZHDUHLQWHUHVWHGDVPXFKLQWKHPHPRU\YROXQWDU\DQG
LQYROXQWDU\RIGLJLWDOKDUGZDUHDVZHDUHLQWKHFRQWHPSRUDU\H[SHULHQFHDQGZHZLOODUJXH
WKDWRQO\E\XQGHUVWDQGLQJWKHVHUHODWLRQVKLSVZLOOLWEHSRVVLEOHWRDUWLFXODWHVLJQLILFDQFHDV
LWUHODWHVWRFRPPRQSODFHPDVVSURGXFHGFRPSXWDWLRQDODUWHIDFWV7KURXJKWKHFORVHVWXG\
DQGXVHRIWKHPDWHULDOFXOWXUHRIRXUUHFHQWWHFKQRORJLFDOSDVWZHFDQGHYHORSEHWWHU

XQGHUVWDQGLQJVRIWKHLPSDFWZKLFKWKHVHREMHFWVKDYHKDGXSRQXVDQGWKHHQYLURQPHQWV
ZKLFKZHLQKDELWWRGD\
:HZLOODOVRH[SORUHWKHXVHRIWHFKQRORJ\DVHYLGHQFHGE\WKHREMHFWVWKHPVHOYHV
VXFKDVXVHZHDUPRGLILFDWLRQDQGSDWWHUQVRIXVHDQGGLVSRVDO7KHIRUPDQGWKHWDFWLOH
H[SHULHQFHRIXVLQJPLFHKDVUHVRQDQFHZLWKRWKHUDUWHIDFWW\SHVVWXGLHGE\DUFKDHRORJLVWV

7KH6LJQLILFDQFHRI0DVV3URGXFHG&RPSXWHU+DUGZDUH
$UFKDHRORJ\KDVORQJEHHQFRQFHUQHGZLWKPDVVSURGXFHGREMHFWVRIFRPSDUDEOHIRUPDQG
IXQFWLRQ$UFKDHRORJLVWVH[DPLQHWKHVHREMHFWVIRULQIRUPDWLRQDERXWWKHLUIRUPHUXVHWKH
PHFKDQLFVDQGWHFKQRORJ\RIWKHLUPDQXIDFWXUHDQGWKHVRFLDOVLJQLILFDQFHRISURGXFWLRQXVH
DQGDIWHUOLIH6WRQHDUWHIDFWVFHUDPLFYHVVHOVDQGPHWDOREMHFWVLQFOXGLQJFRLQVSUHVHQW
VLJQLILFDQWFXUDWRULDOFKDOOHQJHVERWKIRUWKHVKHHUQXPEHUVRIREMHFWVDQGRIWHQDOVRIRU
WKHLUUHSHWLWLRXVDQGXELTXLWRXVFKDUDFWHU,QVSLWHRIWKHLUDQWLTXLW\TXHVWLRQVZLOOUHPDLQ
DERXWWKHFXOWXUDOEHQHILWVRIUHWHQWLRQDORQJVLGHWKHFRVWVRIFXUDWLRQ)RUPRGHUQREMHFWV
WKLVGHEDWHKDVKDUGO\VWDUWHGHYHQWKRXJKWKHFULWLFDOHQJDJHPHQWZLWKDUFKDHRORJLHVRIWKH
FRQWHPSRUDU\SDVWDUHZHOOUHKHDUVHG,QWHUPVRISODFHVDQGODQGVFDSHIRUH[DPSOHWKH
DUJXPHQWKDVDOUHDG\EHHQPDGHWKDWIRUWKHUHFHQWSDVWDQGZKHUHWKHEXLOGLQJVDQGSODFHV
IRUPSDUWRIRXURZQHYHU\GD\H[SHULHQFHGLIIHUHQWUXOHVPD\DSSO\5DUHH[DPSOHVRIEXLOW
IRUPVVXUYLYLQJRYHU\HDUVPD\PHULWSURWHFWLRQPHUHO\EHFDXVHRIWKHLUDJH
QRWZLWKVWDQGLQJRWKHUMXVWLILFDWLRQV%XWDVEXQJDORZRURIILFHEXLOGLQJPD\KROGYDOXH
LQVWHDGIRULWVVRFLDORUFRPPXQDODVRSSRVHGWRKLVWRULFDODHVWKHWLFRUHYLGHQWLDODVVRFLDWLRQV
(QJOLVK+HULWDJH
$VLPLODUDUJXPHQWFDQEHSUHVHQWHGIRUREMHFWVDQGDUWHIDFWVDOWKRXJKKHUHWKHUHLV
DOVRDFXULRVLW\YDOXHQRWVRHYLGHQWIRUWKHZLGHUEXLOWHQYLURQPHQW0XVHXPVRIWHQGLVSOD\

REMHFWVWKDWIRUWKHDGXOWYLVLWRUVHUYHDVDUHPLQGHURIFKLOGKRRGRU\RXQJDGXOWKRRG(DUO\
H[DPSOHVRIPRELOHSKRQHVDSSHDULQPXVHXPGLVSOD\VIRUH[DPSOHHYHQWKRXJKWKHVH
FRPSDUDWLYHO\ODUJHEXON\REMHFWVDUHRQO\\HDUVROG3HUVRQDOFRPSXWHUVIDOOLQWRWKLV
VDPHFDWHJRU\%XWWKLVEHJVWKHTXHVWLRQIRUWKHVH³IDPLOLDU´REMHFWVLVLWPHUHO\WKH
FXULRVLW\DQGYDOXHDV³UHPLQGHUV´WKDWJLYHWKHPVLJQLILFDQFHWKHIDFWWKDWWKHIRUPLWVHOI
PD\EHIDPLOLDUEXWHDUO\H[DPSOHVKLJKOLJKWSURJUHVVDQGGHYHORSPHQWSODFLQJXVDV
LQGLYLGXDOVZLWKLQDQHYROXWLRQDU\FRQWH[W":HDUJXHKHUHWKDWZKLOHWKHVHREMHFWVKDYH
YDOXHDVUHPLQGHUVWKHLUWUXHYDOXHKDVGHHSHUURRWV2XUDUJXPHQWLVWKDWDPRUH
DUFKDHRORJLFDOH[SODQDWLRQLVPHULWHGRQHWKDWKHDGOLQHVDQGH[HPSOLILHVWKHYHU\QDWXUHRI
SURJUHVVDQGWKHIDFWWKDWSURJUHVVFDQRQRFFDVLRQEHFKDUDFWHULVHGE\VWDVLVDQGVWDELOLW\RU
±FUXFLDOO\±DVHQVH RIVWDVLVDQGVWDELOLW\HYHQWKRXJKWKDWPD\EHDQLOOXVLRQPDVNLQJ
VXEWOHYDULDELOLW\LQVSLWHRIGULYHUVIRUFKDQJHDQGDORQJVLGHUDSLGFKDQJHDQG
GHYHORSPHQWVLQRWKHUDUHDVRIWKHVDPHLQGXVWU\7KHFRPSXWHUPRXVHLVDJRRGH[DPSOHRI
WKLVDIRUPWKDWUHPDLQVFRQVWDQWZKLOHPXFKDURXQGLWLVFKDQJLQJ7KHPRXVHGLGQRWQHHG
WRFKDQJH,WVHUYHGLWVSXUSRVHZHOODQGLWORRNHGJRRG$QGZLWKUHPLQGHUVRIWKHIHHORID
KDQGD[HLQRQH¶VKDQGDQGWKHFRPIRUWRIILWVRLWPD\EHZLWKWKHPRXVH

7KH&RPSXWHU0RXVHDQGWKH(DUO\'LJLWDO$JH
7KHPRXVHDQGNH\ERDUGWRJHWKHUIRUPWKHPRVWZLGHO\XVHGWRRONLWIRUKXPDQ±FRPSXWHU
LQWHUDFWLRQLQWKHODWHWZHQWLHWKDQGHDUO\WZHQW\ILUVWFHQWXULHV7KHXELTXLW\RIWKH
ZLQGRZHGJUDSKLFDOXVHULQWHUIDFHIRUSHUVRQDOFRPSXWLQJKHOSHGWRFDUU\WKHFRPSXWHU
PRXVHLQWRKRPHVDQGRIILFHVDFURVVWKHZRUOG8QWLOWKHGHYHORSPHQWRIWKHWRXFKVFUHHQDQG
WUDFNSDGLWEHFDPHDQLQHYLWDEOHSDUWRIWKHFRPSXWLQJH[SHULHQFHIRUPRVWSHRSOH+RZHYHU
WKHSUHGRPLQDQFHRIWKHPRXVHZDVIDUIURPLQHYLWDEOHDQGFDQEHDWWULEXWHGWRDUDQJHRI

VRFLDODQGKLVWRULFDOIDFWRUV)XUWKHUPRUHWKHPRXVHKHOSHGWRQRUPDOLVHDZLGHUDQJHRI
DVVXPSWLRQVDERXWWKHQDWXUHRIZRUNDQGKRPHOLIH
,QLWLDOO\WKHYDVWPDMRULW\RISHUVRQDOFRPSXWHUVGLGQRWKDYHPLFH0RVWRIWKHILUVW
FRPSXWHUVWREHFRPHFRPPRQSODFHZLWKLQKRPHVVFKRROVDQGZRUNSODFHVZHUHFRQWUROOHG
ZLWKRQO\DNH\ERDUG7KHLGHDRIWKHPRXVHDVDGHYLFHZLWKZKLFKWRSRLQWDQGFOLFNLQ
RUGHUWRPDQLSXODWHFRQWHQWRQWKHVFUHHQZDVGHYHORSHGLQE\%LOO(QJOLVKDW;HUR[IRU
WKH;HUR[$OWRFRPSXWHUVHYHQ\HDUVDIWHUKHDQG'RXJODV(QJOHEDUWLQYHQWHGWKHPRXVHDW
6WDQIRUG5HVHDUFK,QVWLWXWH3ULRUWRWKLVWKHPRXVHKDGEHHQXVHGRQO\DVDPHDQVRIPRYLQJ
WKHFXUVRUZLWKLQEORFNVRIWH[WQRWDVSDUWRIDWUXHJUDSKLFDOXVHULQWHUIDFHDVZHZRXOG
UHFRJQLVHLWWRGD\$WNLQVRQ7KHILUVWFRPPHUFLDOO\VXFFHVVIXOV\VWHPZKLFK
HPSOR\HGWKHPRXVHZDVWKH$SSOH0DFLQWRVKLQ$IWHUWKLVLQLWLDOPDLQVWUHDP
FRPPHUFLDOVXFFHVVWKHPRXVHEHFDPHLQFUHDVLQJO\SUHYDOHQWEXWLWZDVQ¶WXQWLOWKHHDUO\
VIROORZLQJWKHUHOHDVHLQWKHPLGWRODWHVRI81,;0DFLQWRVKDQG0LFURVRIW
RSHUDWLQJV\VWHPVZLWKJUDSKLFDOXVHULQWHUIDFHVWKDWWKHPRXVHEHFDPHXELTXLWRXVORQJ
DIWHUWKHFRPSXWHUEHFDPHDIL[WXUHRIPDQ\KRPHVDQGZRUNSODFHV$VVXFKWKHFRPPHUFLDO
VXFFHVVRIWKHFRPSXWHUPRXVHLVLQWLPDWHO\FRQQHFWHGZLWKWKHGHYHORSPHQWDQGVXFFHVVRI
WKHJUDSKLFDOXVHULQWHUIDFHDQGLQFRPELQDWLRQWKHVHWHFKQRORJLHVVLJQDOOHGDIXQGDPHQWDO
FKDQJHLQWKHXVHRISHUVRQDOFRPSXWHUVZLWKLQWKHKRPHDQGRIILFH(QJHOEDUWDQG(QJOLVK
0DKRQH\*URV]
7KHVHFKDQJHVKHOSHGWRVKDSHWKHFRQILJXUDWLRQRIWKHFRQWHPSRUDU\RIILFH
HQYLURQPHQWDWKRPHDQGZRUNDVZHOODVSURIRXQGO\DOWHULQJWKHUROHRIFRPSXWHUVLQ
FRQWHPSRUDU\OLIH+DLJK,QFRQMXQFWLRQZLWKWKHNH\ERDUGDQGRSHUDWLQJV\VWHPVULFK
LQVNHXRPRUSKLFUHSUHVHQWDWLRQVRIDQDORJXHRIILFHOLIHWKHPRXVHKHOSHGWRUHLQIRUFH
HVWDEOLVKHGSDWWHUQVRIZRUN7KHKRPRJHQHLW\RIFRPSXWLQJV\VWHPVERWKLQWHUPVRI

LQWHUIDFHGHVLJQDQGLQSXWGHYLFHVKHOSHGWRQRUPDOLVHH[SHFWDWLRQVRI³FRPSXWHUV´DVD
WHFKQRORJ\DQGOHGWRWKHFXOWLYDWLRQRIDUDQJHRISDUWLFXODUO\JHQGHUHGEHKDYLRXUDO
G\QDPLFV:HEVWHU7KHPRXVHHQDEOHGQHZIRUPVRIGLJLWDOSUDFWLFHLQFOXGLQJWKH
LQWURGXFWLRQRIQHZJUDSKLFVDSSOLFDWLRQVDQGGHVLJQWRROVZKLFKKDGLQWKHLUDQDORJXH
PDQLIHVWDWLRQVEHHQSULPDULO\PDOHGRPDLQV7KLVVWRRGLQFRQWUDVWWRWKHSULPDULO\IHPDOH
DFWLYLW\RIW\SLQJDQGVXEVHTXHQWO\ZRUGSURFHVVLQJ$WNLQVRQ7KHIDFWWKDWWKH
FRPSXWHUPRXVHUHTXLUHGDGHVNWRSXSRQZKLFKWRIXQFWLRQKHOSHGWRHQVXUHWKHSHUVLVWHQFH
RIWKHGHVNEDVHGZRUNLQJHQYLURQPHQWDQGLQVRGRLQJSOD\HGDSDUWLQHQVXULQJWKH
FRQWLQXLW\RIDSK\VLFDOZRUNHQYLURQPHQWZKLFKZDVGHVLJQHGZLWKDQDORJXHWHFKQRORJLHVLQ
PLQG6WURP%DOGU\HWDO:KLOHWRWKHFRQWHPSRUDU\FRPSXWHUXVHUWKHPRXVH
PD\VHHPWREHWULYLDOLWLVLQIDFWDSLYRWDOWHFKQRORJ\ZKLFKKDVEHHQDFWLYHO\HQJDJHGLQ
WKHFRQVWUXFWLRQRIPDQ\HOHPHQWVRIFRQWHPSRUDU\VRFLDODQGFXOWXUDOOLIH
7KHSKHQRPHQRQRISHUVRQDOFRPSXWLQJKDVEHHQVWXGLHGIURPDZLGHUDQJHRI
GLVFLSOLQDU\SHUVSHFWLYHVUDQJLQJIURPWHFKQLFDODQDO\VHVWKURXJKWRVRFLDODQGKLVWRULFDO
DSSURDFKHV&OHJJ+RZHYHUIHZLIDQ\DFFRXQWVKDYHGZHOWXSRQWKHPDWHULDOKLVWRU\
RISHUVRQDOFRPSXWLQJDWDQ\OHYHORIJUDQXODULW\3HUVRQDOFRPSXWLQJKDVEHHQLQWHUWZLQHG
ZLWKDZLGHUDQJHRIVKLIWLQJVRFLDODQGFXOWXUDOG\QDPLFVLQFOXGLQJWUDQVIRUPDWLRQVLQ
PHWKRGVRIPDQXIDFWXUHJOREDOLVDWLRQRISURGXFWLRQVKLIWLQJJHQGHUUROHVDQGFKDQJLQJ
DHVWKHWLFV7KHVHFKDQJHVDUHHYLGHQWLQWKHGHVLJQDQGPDQXIDFWXUHRIPLFHDQGWKHVWXG\RI
PLFHDVREMHFWVFDQSURYLGHQHZRIWHQFULWLFDOLQVLJKWVLQWRWKHPDQQHUE\ZKLFKWKHVH
FRQFHSWVZHUHPDWHULDOLVHG+RZHYHUFRPSXWLQJLVDOVRDSHUVRQDOH[SHULHQFHDQGWKURXJK
WKHVWXG\RIPLFHLQFOXGLQJWKHZD\VLQZKLFKWKH\KDYHEHHQXVHGDQGPRGLILHGZHKRSHWR
KLJKOLJKWWKHLPSRUWDQFHRISHUVRQDOKLVWRULHVRIFRPSXWLQJ,QVXPPDU\WKHJRDODQGWKH
FKDOOHQJHRIRXUDUFKDHRORJLFDODQDO\VLVRIFRPSXWHUPLFHLVWRVHHEHQHDWKWKHVHVRFLDODQG

WHFKQRORJLFDOPHWDQDUUDWLYHVLQRUGHUWRJDLQDQLQVLJKWLQWRTXRWLGLDQDQGHYHU\GD\
LQWHUDFWLRQVZLWKGLJLWDOWHFKQRORJ\LQWKHHDUO\GLJLWDODJH

0HWKRGRORJ\
7KHWHVWLQJDQGDQDO\VLVRIWKHFRPSXWHUPLFHZDVXQGHUWDNHQRYHUVHYHUDOGD\VERWKDWWKH
-LP$XVWLQ&RPSXWHU0XVHXPDQGDWWKH'HSDUWPHQWRI$UFKDHRORJ\DWWKH8QLYHUVLW\RI
<RUNVHH)LJXUH7KLVZRUNWRRNSODFHLQWZRVWDJHV7KHILUVWVWDJHLQYROYHGWKHJURXS
WHVWLQJRIDVHULHVRIILYHFRPSXWHUPLFHRQFRPSXWHUVIRUZKLFKWKH\ZHUHGHVLJQHGRURQ
ZKLFKWKH\ZHUHXVHGGXULQJWKHLUDFWLYHOLYHV,QDGGLWLRQWRWKLVFRUHFROOHFWLRQRIPLFH
REVHUYDWLRQVZHUHPDGHDFURVVWKHFROOHFWLRQLQWKHIRUPRIQRWHVDQGSKRWRJUDSKV6RPHRI
WKHVH³ILHOGQRWHV´KDYHEHHQLQFOXGHGLQWKHWH[WEHORZ

),*85(+(5(!
2XUUHVHDUFKZDVDXWRHWKQRJUDSKLFLQFKDUDFWHUDQGZDVH[SORUDWRU\ZLWKHDFKRIWKH
XVHUWHVWHUVFRQVLGHULQJDQGVKDULQJWKHLUKLVWRULFDQGFRQWHPSRUDU\UHODWLRQVKLSZLWKWKHVH
WHFKQRORJLHV7KHWHVWLQJRIPLFHZDVLQVSLUHGE\PHWKRGVLQH[SHULPHQWDODUFKDHRORJ\
ZKHUHE\XQGHUVWDQGLQJVRIREMHFWVDUHGHULYHGDQGUHILQHGWKURXJKXVH6WUDQGHWDO
/LQHWDO7KURXJKWKLVNLQGRIH[SHULPHQWDOSUDFWLFHZHKRSHGWRKLJKOLJKWWKH
VXEMHFWLYHDQGSHUVRQDOZD\VLQZKLFKSHRSOHUHVSRQGWRWHFKQRORJ\7KHUHDUHDOVRVWURQJ
OLQNVEHWZHHQRXUH[SHULPHQWDOUHVHDUFKPHWKRGRORJ\DQGRWKHUIRUPVRISUDFWLFHLQ
FRQWHPSRUDU\DUFKDHRORJ\IRUH[DPSOHVVHH+DUULVRQDQG6FKRILHOG:HYHU\TXLFNO\
UHFRJQLVHGWKHQHHGWREHUHIOH[LYHDQGWRHPEUDFHWKHRQWRORJLFDOVWUDQJHQHVVRIWKHVFHQDULR
ZKLFKZHKDGFUHDWHGGHVSLWHRXUHIIRUWVDWDXWKHQWLFLW\ZHZHUHQRWVFRPSXWHUXVHUV
DQ\PRUHWKDQZHFRXOGEHSDOHROLWKLFNQDSSHUV)RUVRPHRIWKHJURXSWKLVZDVDQH[HUFLVH

LQUHPHPEHULQJLQDVHQVRU\DQGLQWHOOHFWXDOGLDORJXHZLWKWKHPDFKLQHU\ZKLOHRWKHUVZHUH
XVLQJDOORIWKHVHGHYLFHVIRUWKHILUVWWLPH7KURXJKGLVFXVVLRQDQGVKDULQJRILQVLJKWVZHUH
DEOHWRUHDFKPRUHQXDQFHGDQGVRSKLVWLFDWHGXQGHUVWDQGLQJVRIZKDWPDNHVHDFKRIWKHVH
REMHFWVGLVWLQFWLYHDQGZK\WKLVPLJKWPDWWHU
0LFHWREHWHVWHGZHUHFRQQHFWHGWRZRUNLQJH[DPSOHVRIWKHFRPSXWHUVZLWKZKLFK
WKH\ZRXOGRULJLQDOO\KDYHEHHQXVHG7KHDXWKRUVDQGDVPDOOWHDPRIKHULWDJHSURIHVVLRQDOV
XVHGWKHPLFHWRFDUU\RXWDVHULHVRIVLPSOHFRPSXWLQJWDVNVDQGGLVFXVVHGWKHLUUHVSRQVHVWR
WKHPLFHDVDJURXS,QWKLVZD\WKHKLVWRULFFRPSXWHUVZHUHDEOHWRVHUYHDVDFDWDO\VWIRU
GLVFXVVLRQ7KHSUHFLVHWDVNVXQGHUWDNHQGLIIHUHGEDVHGXSRQWKHFDSDELOLWLHVRIWKHV\VWHP
DQGRQWKHDYDLODELOLW\RIVRIWZDUHIRUWKHPDFKLQHVLQTXHVWLRQ+RZHYHUWKHPLFHZHUH
WHVWHGRQDYDULHW\RIVXUIDFHVLQFOXGLQJDPRXVHSDGGLUHFWO\RQWKHGHVNDQGRQRWKHU
LPSURYLVHGVXUIDFHV7KHJRDORIWKLVSDUWRIWKHSURFHVVZDVWRDOORZWKHUHVHDUFKHUVWR
FRPSDUHDQGWRFRQWUDVWGLIIHUHQWH[SHULHQFHVRIXVLQJPLFHLQRUGHUWRDGGQXDQFHWRRXU
XQGHUVWDQGLQJVRIWKHVHREMHFWVDQGWKHYDULDWLRQVZKLFKPD\KDYHH[LVWHGDFURVVWLPHRU
EHWZHHQFRQWHPSRUDU\REMHFWV
7KHUHVHDUFKZDVLQGXFWLYHDQGH[SORUDWRU\ZLWKSDUWLFLSDQWVHQFRXUDJHGWRGLVFXVV
DQGWRFULWLFDOO\DQDO\VHWKHH[SHULHQFHRIXVLQJWKHWHFKQRORJ\DVZHOODVSURYLGLQJSHUVRQDO
UHVSRQVHV(DFKPRXVHZDVWHVWHGLQWXUQZLWKSDUWLFLSDQWVEHLQJJLYHQDQRSSRUWXQLW\WRXVH
WKHPRXVHDQGWRGLVFXVVWKLVH[SHULHQFHZLWKWKHRWKHUSDUWLFLSDQWVDVWKH\ZDONHGDURXQG
WKHPXVHXPZKHUHPXFKRIWKHWHVWLQJZDVXQGHUWDNHQ7KHVHFRQYHUVDWLRQVZHUHUHFRUGHG
WKURXJKRXWXVLQJYRLFHUHFRUGHUVFDPHUDVDQGLQVRPHLQVWDQFHVILOP
(DFKRIWKHPLFHZDVFRPSUHKHQVLYHO\SKRWRJUDSKHGXVLQJDFRPELQDWLRQRIIRUPDO
DUWHIDFWSKRWRJUDSK\DQGFUHDWLYHGRFXPHQWDU\SKRWRJUDSK\7KHILUVWFDWHJRU\RILPDJHV
ZHUHVWDJHGLQRUGHUWRGRFXPHQWWKHPLFHDVDUWHIDFWVDQGWRSURYLGHDYLVXDOUHIHUHQFHIRU

WKHUHVHDUFKWHDPDQGIRURXUUHDGHUVKLS7KHODWWHUFDWHJRU\UHSUHVHQWHGDSHUVRQDOUHVSRQVH
WRWKHKDQGOLQJDQGFORVHVWXG\RIWKHREMHFWV,PDJHPDNLQJZDVHPSOR\HGKHUHDVDIRUPRI
LQWHUSUHWLYHSUDFWLFHZLWKQHZNQRZOHGJHHPHUJLQJIURPWKHLQWHUQDOGLVFRXUVHEHWZHHQ
LPDJHPDNHUREMHFWVDQGPHGLXPDVGLVFXVVHGE\%XQQHOODQG)HUUDE\
7KHVHLPDJHPDNLQJSURFHVVHVZHUHLQWHQGHGWRDFWDVDYLVXDODLGWRVXEVHTXHQW
DQDO\VLVEXWDOVRWRSURYLGHDPHDQVE\ZKLFKWRFORVHO\VWXG\DQGWRH[SORUHWKHPDWHULDOLW\
RIWKHREMHFWVDZD\IURPWKHFLUFXPVWDQFHVLQZKLFKWKH\PLJKWRUGLQDULO\EHHQFRXQWHUHG
2QHRIWKHPDMRUFKDOOHQJHVLQWKHVWXG\RIFRQWHPSRUDU\DQGRIWHQWKHUHIRUHIDPLOLDU
PDWHULDOFXOWXUHOLHVLQRYHUFRPLQJSUHFRQFHSWLRQVDERXWZKDWPD\RUPD\QRWEHUHOHYDQWRU
LQWHUHVWLQJDERXWWKHREMHFWRIVWXG\7KHLPDJHPDNLQJSURFHVVSURYLGHGDPHDQVE\ZKLFK
WRHQJDJHZLWKWKHFRPSXWHUPLFHLQDQXQIDPLOLDUZD\WRFRQVLGHUWKHPLFHQRWMXVWLQWHUPV
RIWKHLUDSSDUHQWIDPLOLDULW\RUVLPLODULW\WRFRQWHPSRUDU\HTXLYDOHQWVEXWDVGLVWLQFWREMHFWV
ZLWKWKHLURZQFKDUDFWHULVWLFV:LWKLQWKHFRQWH[WRIWKLVPHWKRGRORJ\YLVXDOLVDWLRQSURYLGHG
DIUDPHZRUNZLWKLQZKLFKWRHQJDJHZLWKWKHREMHFWVDWDPXOWLVHQVRU\OHYHOKDQGOLQJDQG
GLVDVVHPEOLQJWKHPLFHDVZHOODVVWXG\LQJWKHP7KHLPDJHVSURGXFHGGXULQJWKLVSKDVHRI
WKHUHVHDUFKSURMHFWLQIRUPHGVXEVHTXHQWGLVFXVVLRQVDQGWKHSURGXFWLRQRIWKLVSDSHULQD
QXPEHURIGLIIHUHQWZD\VDQGKDYHEHHQHPEHGGHGZLWKLQWKHWH[WEHORZ6RPHRIWKH
SKRWRJUDSKVWDNHWKHIRUPRISHUVRQDOVNHWFKHVDQGZHUHSURGXFHGDVDPHDQVRIFRQVLGHULQJ
WKHIRUPRIWKHREMHFWDQGDOVRDVDPHDQVRIVWLPXODWLQJWKHVWXG\RIVPDOOGHWDLOVZKLFKPD\
QRWKDYHEHHQREYLRXVZKLOHXVLQJKDQGOLQJRUYLVXDOO\LQVSHFWLQJWKHPLFH

0RXVH6HOHFWLRQ
7KHILYHPLFHZKLFKIRUPHGWKHSULPDU\IRFXVRIWKLVVWXG\ZHUHVHOHFWHGIURPDFROOHFWLRQ
RIVHYHUDOKXQGUHGDWWKH-LP$XVWLQ&RPSXWHU0XVHXPDQGIURPWKHSHUVRQDOFROOHFWLRQVRI

WKHDXWKRUV7KHSULPDU\EDVLVIRUVHOHFWLRQZDVWKDWWKHPLFHVKRXOGEHXVHDEOHRQWKH
PDFKLQHIRUZKLFKWKH\ZHUHGHVLJQHGDQGRUXVHG7KHPLFHZHUHFKRVHQLQRUGHUWR
UHSUHVHQWDFKURQRORJLFDOFURVVVHFWLRQRIFRPSXWHUPLFHZLWKWKHHDUOLHVWPRXVHIHDWXUHG
EHLQJIURPWKHHDUO\VDQGWKHODWHVWEHLQJIURPWKHUDQJHDSSUR[LPDWHO\VSDQQLQJ
WKHKLVWRU\RIWKHFRPPHUFLDOO\DYDLODEOHPRXVH0LFHZHUHDOVRVHOHFWHGWRLQFOXGHDZLGH
UDQJHRISRSXODUWHFKQRORJLHVDQGIHDWXUHVIURPWKLVSHULRGVXFKDVGLIIHUHQWEXWWRQ
FRPELQDWLRQVDQGGLIIHUHQWWUDFNLQJV\VWHPV
7KHPLFHFKRVHQIRUVWXG\ZHUH

+HZOHWW3DFNDUG$
0DFLQWRVK0
/RJLWHFK03)
*HQHULF0RXVHSUREDEO\HDUO\V
$SSOH0DJLF0RXVH

7KH8VHU7HVWHUV
7KHXVHUWHVWLQJJURXSFRQVLVWHGRIUHVHDUFKHUVIURPDYDULHW\RIUHOHYDQWEDFNJURXQGV
LQFOXGLQJFRQWHPSRUDU\DUFKDHRORJ\VFLHQFHDQGWHFKQRORJ\VWXGLHVFRPSXWHUVFLHQFHDQG
PXVHXPVWXGLHV7KHXVHUWHVWHUVLQFOXGHGWKHDXWKRUVEXWWKHJURXSZDVH[SDQGHGLQRUGHUWR
LQFOXGHVSHFLDOLVWVIURPRWKHUGLVFLSOLQHV7KHXVHUWHVWLQJH[SHULHQFHZDVOHGE\8VHU

8VHU LVDFRPSXWHUVFLHQFHUHVHDUFKHUZLWKDVSHFLDOLVPLQQHXUDOQHWZRUNLQJ$VZHOODV
FRQGXFWLQJUHVHDUFKRQWKHGHYHORSPHQWRIHQWLUHO\QHZIRUPVRIFRPSXWLQJKDUGZDUHWKH\

DOVRKDYHDSDVVLRQIRUKLVWRULFFRPSXWLQJPDFKLQHU\DQGKDYHUHVHDUFKHGDQGUHVWRUHGD
KXJHQXPEHURIFRPSXWHUVRIDOODJHV
8VHU LVDFRPSXWDWLRQDODUFKDHRORJLVWZKRURXWLQHO\XVHGFRPSXWHUVIRUWKHILUVWWLPH
ZKHQDWXQLYHUVLW\LQ8VHU¶VH[SHULHQFHRIPRXVHXVHKDVEHHQFKDUDFWHULVHGE\EHLQJ
OHIWKDQGHGWKHPRXVHZLUHLVQHYHUORQJHQRXJK7KHFRPSXWHUPRXVHLVWKHRQO\
WHFKQRORJ\ZKLFKKDVHQIRUFHGDPELGH[WURXVXVHWKURXJKSUDFWLFH8VHUZHQWRYHUWRXVLQJ
DWRXFKVFUHHQDQGVW\OXVDVVRRQDVSRVVLEOH
8VHU ZURWHWKHLU3K'WKHVLVRQDFRPPXQDOGHSDUWPHQWDO3&WKDWWKH\KDGWRERRNE\WKH
KRXU:KHWKHUWKHUHZDVDPRXVHLQYROYHGWKH\FDQQRWUHFDOO%XWVLQFHWKDWWLPHWKH\KDYH
XVHGDPRXVHPRVWGD\VDWZRUNDQGDWKRPH+DYLQJVSHQW\HDUVZLWK(QJOLVK+HULWDJH
WKH\PRYHGWRWKH'HSDUWPHQWRI$UFKDHRORJ\DW8QLYHUVLW\RI<RUNLQ7KH\QRZKDYH
D3&ZLWKWZRVFUHHQVWZRODSWRSVDQGD0,2SWLFDO86%0RXVHWKDWKDVWKHZRUG
³7UXVW´ZULWWHQRQLW7KH\DVVXPHWKDWLVWKHPDQXIDFWXUHU
8VHU LVDGLJLWDODUFKDHRORJLVWZLWKDEDFNJURXQGLQFRPSXWHUJUDSKLFVDQGDUFKDHRORJ\
7KH\OHDUQHGWRXVHFRPSXWHUVEHIRUHPLFHEHFDPHFRPPRQDQGOHDUQHGWRXVHDPRXVH
ZKHQPLFHVWLOOKDGWKUHHEXWWRQV8VHUKDVORQJGUHDPHGRIDQHIIHFWLYH'LQWHUIDFHEXW
KDVEHHQXQSHUVXDGHGE\DQ\WKDWKHKDVWULHG

5HVXOWV

+HZOHWW3DFNDUG$0RXVH
7KHILUVWPRXVHZKLFKZHWHVWHGZDVWKH+HZOHWW3DFNDUG$VHH)LJXUH,WZDV
SDFNDJHGZLWKDVHULHVRI+3PDFKLQHVLQWKHPLGV,WKDVWZREXWWRQVDQGXVHVD
SURSULHWDU\+3+,/FRQQHFWRU7KHH[DPSOHZKLFKZHWHVWHGZDVPDQXIDFWXUHGLQDQG

ZDVWHVWHGRQDQ+3,QWHJUDO³OXJJDEOH´3&VHH)LJXUH7KHRSHUDWLQJV\VWHPLV+38;D
SURSULHWDU\LPSOHPHQWDWLRQRI8QL[%DVLFRSHUDWLRQVZHUHSHUIRUPHGLQFOXGLQJWKH
PRYHPHQWRIILOHVDQGUHVL]LQJRIZLQGRZV7KLVZDVDFRPSXWHUWKDWWZRRXWRIWKHIRXU
XVHUWHVWHUVKDGH[SHULHQFHRIXVLQJGXULQJWKHV

),*85(+(5(!

7KHILUVWUHDFWLRQWRWKLVPRXVHZDVHPRWLRQDO8VHUUHIOHFWHGRQXVLQJWKLV
FRPSXWHUYHU\HDUO\LQWKHLUFDUHHUDQGGHVFULEHGDIHHOLQJRIJUHDWIRQGQHVVWRZDUGVLWDQG
WDONHGDERXWDIHHOLQJRISULGHDWEHLQJJLYHQD3&WRZRUNRQ7KHILUVWWKLQJZKLFK8VHUV
DQGFRPPHQWHGXSRQZKHQXVLQJWKLVPRXVHZDVWKHSOHDVDQWQHVVRIWKHWDFWLOHH[SHULHQFH
ZKLFKLWRIIHUHG%RWKXVHUVDJUHHGWKDWWKHPRXVHIHOWDVWKRXJKLWZDVHUJRQRPLFDQGILWWHG
ZHOOLQWRWKHKDQG$OOXVHUVDJUHHGWKDWWKH³DFWLRQ´RIWKHEXWWRQVSURYLGHGDYHU\VDWLVI\LQJ
FOLFNZKLFKZRXOGEHYHU\XQXVXDOLQDFRQWHPSRUDU\PRXVH
7KHVLPSOLFLW\RIWKHPRXVHZDVVHHQE\DOOXVHUVZLWKWKHH[FHSWLRQRI8VHUDV
EHLQJVXSHULRUWRLQFUHDVLQJO\FRPSOH[KXPDQFRPSXWHULQWHUDFWLRQGHYLFHVVXFKDV
PXOWLWRXFKSDGVDQGWKH$SSOH0DJLF0RXVHZKLFKLVWHVWHGEHORZ([SODQDWLRQVIRUWKLV
KDGWRGRZLWKWKHVLPSOLFLW\RIWKHH[SHULHQFHDQGWKHIDFWWKDWDFWLRQVSHUIRUPHGXVLQJWKH
PRXVHKDGDFOHDUPHFKDQLFDOEDVLV8VHUREVHUYHGWKDWWKHPRXVHKDGDVSDWLDO
UHODWLRQVKLSZLWKWKHFRPSXWHUVFUHHQPHDQLQJWKDWFPRIPRYHPHQWLQWKHSRVLWLRQRIWKH
PRXVHFRUUHVSRQGVWRFPRIPRYHPHQWRIWKHRQVFUHHQFXUVRU8VHUH[SUHVVHGD
SUHIHUHQFHIRUUROOHUEDOOPRWLRQWUDFNLQJV\VWHPVRYHURSWLFDOV\VWHPVDQGVWDWHGWKDW³7KH\
DUHHDVLHUWRXVHEHFDXVH\RXDUHGRLQJVRPHWKLQJPHFKDQLFDO,KDYHDOZD\VUHDOO\VWUXJJOHG
ZLWKPLFHEHFDXVHWKHH[WHQVLRQRIZKDW\RXDUHGRLQJWRWKHVFUHHQLVKDUG´2WKHUXVHUV

ZHUHVXUSULVHGDWKRZXQUHVSRQVLYHWKLVPRXVHIHOWLQFRPSDULVRQWRPRGHUQRSWLFDOPLFH
7KHEXWWRQVRQWKLVPRXVHFDQEHGLIIHUHQWLDWHGE\WRXFKXVLQJDUDLVHGGRWRQWKHOHIWKDQG
EXWWRQ$OOXVHUVGLVFXVVHGWKHIDFWWKDWWKHVHSK\VLFDOIHDWXUHVWRGLIIHUHQWLDWHPRXVHEXWWRQV
VHHPWRKDYHIDOOHQRXWRIXVHGHVSLWHSUHYLRXVSUHYDOHQFH8VHUDQKLVWRULFFRPSXWLQJ
VSHFLDOLVWUHPLQGHGWKHJURXSWKDWWKLVGHYLFHZRXOGKDYHEHHQYHU\H[SHQVLYHLQ
FRPSDULVRQWRWKHDYHUDJHPRGHUQPRXVHFRVWLQJLQ 
2QHIDFWRUZKLFKEHFDPHHYLGHQWZKLOHWHVWLQJZDVWKHH[WHQWWRZKLFKWKHSHUFHSWLRQ
RIWKHPRXVHZDVOLQNHGWRWKHFKDUDFWHUDQGIXQFWLRQDOLW\RIWKHRSHUDWLQJV\VWHPZLWKZKLFK
LWZDVXVHG7KHXVHRIDPRXVHIRUWKH+3,QWHJUDO3&ZDVRSWLRQDODQGWKHXVHRIWKHPRXVH
DVDQLQSXWGHYLFHZDVGHVLJQHGWREHDXJPHQWHGWKURXJKWKHXVHRIWKHNH\ERDUG8VHU
H[SODLQHGWKLVSURFHVVWRWKHXVHUJURXSDQGVKRZHGXVKRZWRXVHWKHIXQFWLRQNH\VWRDOWHU
WKHIXQFWLRQDOLW\RIWKHPRXVH8VHUDOVRFRPPHQWHGWKDWWKHPRXVHIHHOVUHDOO\RSWLRQDORQ
WKLVRSHUDWLQJV\VWHPDQGUHFDOOHGXVLQJDVLPLODUPDFKLQHZLWKRXWDPRXVH
7KHVW\OHRIWKLVPRXVHDQGWKHTXDOLW\RIILQLVKZHUHQRWHGE\DOOXVHUVSURPSWLQJD
GLVFXVVLRQDERXWZKHWKHUDQGLIVRKRZGHVLJQIHDWXUHVIURPWKLVPRXVHPLJKWEH
LQFRUSRUDWHGLQWRFRQWHPSRUDU\SURGXFWGHVLJQ7KLVGLVFXVVLRQEHJDQDVDMRNHDERXWWKH
SRVVLELOLW\RI³UHWURPLFH´EXWTXLFNO\GHYHORSHGLQWRDVHULRXVFRQYHUVDWLRQDURXQGWKH
SHUFHLYHGSUHYDOHQFHRIORZTXDOLW\RIGHVLJQDQGFRQVWUXFWLRQLQWKHFRQWHPSRUDU\GHVLJQRI
LQSXWGHYLFHVDQGRWKHUSHULSKHUDOWHFKQRORJLHV

0DFLQWRVK0RXVH0
7KH0VHH)LJXUHZDVWHVWHGRQD0DFLQWRVK/LVDFRPSXWHU7KLVPRXVHZDV
UHOHDVHGLQDQGLVWKHVHFRQGPRXVHUHOHDVHGE\$SSOH,WVVLQJOHEXWWRQZDVD
KWWSZZZKSDUFKLYHFRP&DWDORJV+3&DWDORJSGI

GLVWLQFWLYHIHDWXUHRI$SSOHPLFHIURPWKHLULQWURGXFWLRQXQWLO8VHUUHPDUNHG
LPPHGLDWHO\WKDWWKLVPRXVHORRNHG³ZHLUGO\FRQWHPSRUDU\SHUKDSVEHFDXVHRIWKH
FRQWLQXLW\RI$SSOH¶VYLVXDOLGHQWLW\WKURXJKWKHGHFDGHV´%DVLFRSHUDWLRQVZHUHSHUIRUPHG
XVLQJWKHPRXVHLQFOXGLQJWKHPRYHPHQWRIZLQGRZVDURXQGWKHVFUHHQDQGWKHFRS\LQJRI
ILOHVIURPRQHORFDWLRQWRDQRWKHU7KHVLQJOHEXWWRQDQGWKHQHHGWRDXJPHQWWKHXVHRIWKLV
EXWWRQZLWKNH\ERDUGVKRUWFXWVVXFKDWWKH³FUWOPRXVHEXWWRQ´WRUDLVHDPHQXPDGHLWVXVH
XQLQWXLWLYHWRDOOXVHUWHVWHUV8VHUVDQGERWKH[SUHVVHGVXUSULVHDWMXVWKRZGLIIHUHQWWKLV
XVHULQWHUIDFHZDVWRFRQWHPSRUDU\FRPSXWHUVZLWK8VHUFRPPHQWLQJ³WKHZKROH
H[SHULHQFHLVMXVWVRVWUDQJHHYHU\EDVLFIXQFWLRQUHTXLUHV\HWDQRWKHUFRPELQDWLRQRI
EXWWRQVLWLVOLNHDSX]]OH´

),*85(+(5(!

7KH0XVHGDWUDFNEDOOPRWLRQWUDFNLQJV\VWHPZKLFKZDVIDPLOLDUWRDOOXVHU
WHVWHUVIURPPLFHZKLFKWKH\KDGSUHYLRXVO\XVHGDWKRPHRUZRUN$VZLWKWKH+HZOHWW
3DFNDUG$WKHWUDFNEDOOZDVIRXQGWREHOHVVUHOLDEOHWKDQRSWLFDOV\VWHPVSDUWLFXODUO\
RQXQHYHQVXUIDFHV8VHUFRPPHQWHGWKDWWKHWUDFNEDOOV\VWHPRQO\ZRUNHGZKHQXSULJKW
7KLVZDVQRWIHOWWREHDQLVVXHE\WKHUHVWRIWKHJURXSEXWGLGUHYHDOWKHH[WHQWWRZKLFK
GLIIHUHQWWUDFNLQJV\VWHPVHQDEOHGLIIHUHQWZD\VRIZRUNLQJZLWKWHFKQRORJ\7KHXVHUZKHQ
TXHVWLRQHGIXUWKHUH[SODLQHGWKDWWKH\YHU\UDUHO\VDWDWDGHVNWRXVHDFRPSXWHUEXWWKDW
WKH\RIWHQXVHGDPRXVHZLWKDQLQIUDUHGRSWLFDOWUDFNLQJV\VWHPIRUSUHFLVLRQJUDSKLFV
ZRUNRIWHQVDWFURVVOHJJHGDQGXVLQJWKHPRXVHVLGHZD\VRQWKHLUOHJ$QRWKHUXVHU
FRPPHQWHGWKDWWKH\OLNHGWKH³WDFWLOH´IHHOLQJRIWKHWUDFNEDOODQGWKHVHQVHWKDWLWRIIHUHG

WKHSHUFHSWLRQRIDSK\VLFDOHQJDJHPHQWZLWKWKHPRYHPHQWRIWKHFXUVRULQFRQWUDVWWR
FRQWHPSRUDU\RSWLFDOPLFH
7KHPRXVHOLNHDOOPLFHZLWKWUDFNEDOOV\VWHPVKDGDWHQGHQF\WRJDWKHUGLUWRQLWV
XQGHUVLGHGXHWRWKHFRPSOH[GHWDLOVDVVRFLDWHGZLWKWKHWUDFNLQJEDOODQGLQWKHWUDFNEDOO
FDYLW\LWVHOI8VHUUHFDOOHGWKHDPRXQWRIFOHDQLQJZKLFKKDGEHHQUHTXLUHGZKHQXVLQJ
WKHVHPLFHDQGFRPPHQWHGWKDWWUDFNEDOOPLFHORFDWHGLQFRPPXQDORIILFHVKDGRIWHQEHHQ
³GLVJXVWLQJ´GXHWRORQJLQWHUYDOVEHWZHHQFOHDQLQJ
7KLVGLVWLQFWLYHQHVVH[WHQGHGWRWKHDSSHDUDQFHRIWKHPRXVHZKLFKZDVRGGO\
SURSRUWLRQHGLQFRPSDULVRQWRWKHRWKHUPLFHWHVWHGEHLQJYHU\KLJKLQSURILOH7KHVKDSHRI
WKHPRXVHZDVIRXQGWREHXQFRPIRUWDEOHDIWHUDURXQGILYHPLQXWHVRIXVHGXHLQODUJHSDUWWR
LWVKHLJKWDQGWKHQDUURZQHVVRIWKHWRSVXUIDFH8VHUVDLGWKDWWKH\³KDGQ¶WUHPHPEHUHG
KRZVWUDQJHWKLVPRXVHZDVWRXVH´,WZDVREVHUYHGE\8VHUWKDWWKHPRXVHZDVYHU\
GHILQLWHO\VW\OHGWRILWZLWKWKHDHVWKHWLFRIWKHFRPSXWHU7KLVGLIIHUHGIURPVRPHRIWKHRWKHU
PLFHZKLFKZHUHLQVRPHLQVWDQFHVFRORXUFRRUGLQDWHGEXWZKLFKGLGQ¶WFRRUGLQDWHZLWKWKHLU
FRPSXWHULQDVW\OLVWLFVHQVH8VHUVXJJHVWHGWKDW³WKLVDWWHQWLRQWRGHWDLOLVVRPHWKLQJ
ZKLFKPLJKWEHEURXJKWEDFNWRFRPSXWLQJGHVLJQWRGD\´
7KHPRXVHZDVIHOWWREHZHOOEXLOWDQGWRKDYHDVDWLVI\LQJZHLJKWE\DOOWHVWHUV,W
ZDVH[SHQVLYHO\EXLOWEHLQJFRQVWUXFWHGRXWRIDSODVWLFVKHOOZLWKDVWHHOSODWHVFUHZHGLQWR
WKHEDVH7KHDFWLRQRIWKHEXWWRQFOLFNZDVIHOWE\8VHUWREHSODVWLF\DQGXQVDWLVI\LQJLQ
FRPSDULVRQWRWKH+HZOHWW3DFNDUG$

/RJLWHFK03)0RXVHIRU$FRUQ$
7KH/RJLWHFK03)PRXVHVHH)LJXUHZDVPDQXIDFWXUHGE\/RJLWHFKEXWZDVVKLSSHG
ZLWKWKH$FRUQ$FRPSXWHUDQGZDVZLGHO\XVHGLQ%ULWLVKVFKRROVGXULQJWKHV

7KHPRXVHKDVWKUHHEXWWRQVZKLFKZDVVWDQGDUGIRU$FRUQ¶V5,6&2SHUDWLQJV\VWHP7KH
PRXVHXVHVDVWDQGDUG',1FRQQHFWRUDQGKDVDUROOEDOOWUDFNLQJPHFKDQLVP7KHPRXVH
ZDVPDGHIURPSODVWLFVZLWKQRYLVLEOHPHWDOLQWKHRXWHUVKHOO

),*85(+(5(!

7KLVPRXVHZDVWHVWHGRQDQ$FRUQ³$UFKLPHGHV´$DQGIRU8VHUVDQGWKLV
ZDVDYHU\QRVWDOJLFH[SHULHQFHEHFDXVHWKH\KDGERWKXVHGWKHVHFRPSXWHUVZKLOHDWVFKRRO
LQWKHHDUO\V8VHULPPHGLDWHO\EHJDQWRGUXPKLVILQJHUVRQWKHWKUHHEXWWRQVDQG
GHVFULEHKRZKHKDG³DQQR\HGWHDFKHUVE\GUXPPLQJWXQHVRQWKHORXGFOLFNLQJEXWWRQV
GXULQJ<HDU,7FODVVHV´7KHWUDFNLQJV\VWHPZDVIHOWE\WKHPDMRULW\RIXVHUVWREHYHU\
VPRRWKDQGUHOLDEOHEXW8VHUVDQGHQFRXQWHUHGGLIILFXOW\ZLWKWKHEDOO³VWLFNLQJ´
SDUWLFXODUO\RQVOLJKWO\XQHYHQVXUIDFHV7KLVSUREOHPZDVSDUWO\DGGUHVVHGE\WDNLQJRXWDQG
FOHDQLQJWKHEDOODQGPHFKDQLVP7KLVSURFHGXUHZDVXQGHUWDNHQE\8VHUZKRUHLWHUDWHG
WKDWWKLVZDVDVWDQGDUGSDUWRIWKHFRPSXWLQJH[SHULHQFHWKURXJKRXWWKHVDQGVDQG
ZDV³QRPRUHSOHDVDQWQRZWKDQLWKDGEHHQWKHQ´
1RERG\ZDVVXUHLQLWLDOO\ZKDWWKHWKUHHEXWWRQVZHUHIRUGHVSLWHWKHIDFWWKDW8VHUV
DQGKDGH[SHULHQFHXVLQJWKLVRSHUDWLQJV\VWHPLQWKHHDUO\V8VHUVGLVFXVVHGWKH
IDFWWKDWWKH³PXVFOHPHPRU\´ZKLFKXVHUVWHQGWRGHYHORSZKHQWKH\DUHIDPLOLDUZLWKDQ
RSHUDWLQJV\VWHPKDGDOPRVWFRPSOHWHO\EHHQORVWLQWKHLQWHUYHQLQJSHULRG8VHUH[SODLQHG
WKDWWKHULJKWEXWWRQZDVNQRZQDVWKH³DGMXVW´EXWWRQDQGZRXOGSHUIRUPDYDULDEOHIXQFWLRQ
GHSHQGLQJRQFRQWH[W'HVSLWHUHSHDWHGWHVWLQJQRQHRIWKHXVHUVZDVHQWLUHO\FOHDURQZKHQ
WKLVIXQFWLRQZRXOGEHRIYDOXH7KHIHHORIWKHEXWWRQVZDVDJUHHGE\8VHUVWREH

³VDWLVI\LQJ´8VHUVDQGFRPPHQWHGWKDWWKHDFWLRQRIWKHPRXVHZDVYHU\VRIWDQGVKRUW
ZLWKYHU\OLWWOHHIIRUWUHTXLUHGWRSUHVVWKHEXWWRQ
8VHUH[SUHVVHGIUXVWUDWLRQWKDWWKH\ZHUHQRWDEOHWRUHPHPEHUZKDWDOOWKHEXWWRQV
ZHUHIRU³LWIHHOVZHLUGWRUHFRJQLVHVRPHWKLQJVRLQVWLQFWLYHO\EXWWRKDYHIRUJRWWHQ
FRPSOHWHO\KRZWRXVHLWLW¶VOLNHDIRUJRWWHQWHFKQRORJ\EXWLWLVRQO\\HDUVROG´

*HQHULF0RXVH3UREDEO\(DUO\V
7KHQH[WPRXVHWHVWHGZDVDJHQHULFPRXVHIURPWKHRIILFHRIRQHRIWKHDXWKRUVZKLFK
DSSHDUVWRGDWHIURPWKHHDUO\VVHH)LJXUH7KHPRXVHZDVRULJLQDOO\IRXQGLQDQ
RIILFHDWWKH8QLYHUVLW\RI<RUNDQGLVVWLOOLQUHJXODUXVH7KHSDLQWHGVXUIDFHRIWKHPRXVH
VKRZVVLJQVRIKHDY\XVH7KHPRXVHKDVDFXUYHG³HUJRQRPLF´SURILOHZLWKDFRPSDUDWLYHO\
ODUJHVXUIDFHDUHDRQWKHIODWXQGHUVLGH7KHPRXVHKDVD86%FRQQHFWRUIRXUEXWWRQVDQGD
VFUROOLQJZKHHO

),*85(+(5(!

7KHPRXVHXVHVDQRSWLFDOWUDFNLQJV\VWHPZKLFKZDVIHOWE\DOOXVHUVWREHHIIHFWLYH
DQGUHOLDEOH7KHIHHORIWKHPRXVHLQWKHKDQGZDVDOVRPHQWLRQHGE\DOOXVHUVDQGZDVIHOW
WREHSOHDVDQWLQFRQWUDVWWRVRPHRIWKHRWKHUPLFHWHVWHG8VHUVDQGVXJJHVWHGWKDWWKLV
ZDVDUHVXOWRIWKHUHODWLYHO\KLJKSURILOHRIWKHPRXVHDQGWKHXVHRIDFXUYHGXSSHUVXUIDFH
ZKLFKVSOD\HGRXWWRZDUGVWKHEDVH8VHUVDLGWKDWWKHPRXVH³ZDVGHILQLWHO\SDUWRIWKHIDG
IRUµHUJRQRPLF¶GHVLJQZKLFKXVXDOO\PHDQWPDNLQJLWFXUY\DQGDGGLQJIDUWRRPDQ\
EXWWRQV´

7KHPRXVHKDVPRUHEXWWRQVWKDQDQ\RIWKHRWKHUPLFHWHVWHGILYHLQFOXGLQJWKHGXDO
IXQFWLRQWUDFNZKHHOEXWWRQ,QLWLDOO\XVHUVZHUHXQFOHDUZKDWWKHDGGLWLRQDOVLGHEXWWRQV
ZHUHIRUWKHVHDUHWKHGDUNSODVWLFZDYHVKDSHGSDQHOVRQWKHVLGHVRIWKHPRXVHEXW8VHU
UHPHPEHUHGKDYLQJXVHGDPRXVHEHIRUHZKLFKZDVDGYHUWLVHGDVKDYLQJEXWWRQVOLNHWKHVHWR
RSHUDWHIRUZDUGDQGEDFNZDUGEXWWRQVRQDZHEEURZVHU7KLVZDVWHVWHGDQGLWZRUNHG
ZLWKRXWDGMXVWLQJDQ\VHWWLQJV8VHUFRPPHQWHGWKDWWKHVH³YHVWLJLDOIHDWXUHV´ZHUH
LQWHUHVWLQJDVWKH\UHSUHVHQWHG³VSHFXODWLYHDQGXQFHUWDLQDWWLWXGHVWRZDUGVWHFKQRORJ\GXULQJ
WKHHDUO\\HDUVRIWKHZHE´7KHDFWLRQRIWKHEXWWRQVZDVWKRXJKWWREHXQSOHDVDQWE\DOO
XVHUVZLWK8VHUUHPDUNLQJRQWKH³VSULQJLQHVV´RIWKHEXWWRQVDQGWKH³WZDQJLQJ´QRLVHV
PDGHZKHQEXWWRQVZHUHUHOHDVHG
7KHGHVLJQRIWKLVPRXVHZDVUHPDUNHGXSRQDVEHLQJTXLWHXQXVXDOE\8VHUVDQG
EXWZDVIHOWWREHYHU\FKHDSO\FRQVWUXFWHG1REUDQGQDPHLVSUHVHQWRQWKHEDVHRIWKH
PRXVHLQGLFDWLQJWKDWLWZDVVROGDVDJHQHULFFRPPRGLW\UDWKHUWKDQDVDEUDQGHGSURGXFW
7KHHQWLUHPRXVHLVEXLOWIURPSODVWLFZLWKWUDQVOXFHQWUHGSDQHOVUHYHDOLQJLQWHUQDO/('V
7KHVXUIDFHVKRZVVLJQVRIXVHZHDUDQGDJUH\SODVWLFKDVEHHQUHYHDOHGZKHUHWKHSDLQWKDV
ZRUQDZD\$OORWKHUPLFHWHVWHGXVHGVROLGFRORXUHGSODVWLFVDQGKDGUHWDLQHGWKHLUFRORXU
HYHQZKHUHWKH\KDGEHHQZRUQIURPXVH
7KLVPRXVHOHIWDOOXVHUVZLWKDVWURQJO\QHJDWLYHLPSUHVVLRQZKLFKOHGLQWXUQWRD
GLVFXVVLRQDERXWWKHYDOXHRIUHPHPEHULQJEDGDQGIUXVWUDWLQJWHFKQRORJLHVDVZHOODVJRRG
RQHV8VHUWKRXJKWWKDWWKH\UHPHPEHUHGXVLQJDPRXVHDWDSDLQIXOO\VORZ,WDOLDQLQWHUQHW
FDIHLQWKHHDUO\VZKLFKHQKDQFHGWKHIHHOLQJVRIIUXVWUDWLRQ

$SSOH0DJLF0RXVH

7KHPRVWUHFHQWPRXVHWHVWHGZDVDQ$SSOH0DJLF0RXVHIURPVHH)LJXUH$WWKH
WLPHRIZULWLQJLWLVWKHFXUUHQWPRGHORI$SSOH0RXVHDQGLWLVDUHFHQWDFTXLVLWLRQIRUWKH
&RPSXWHU0XVHXP,QDGGLWLRQWRFRQYHQWLRQDOEXWWRQVWKHPRXVHLQFRUSRUDWHVDQDFU\OLF
WRXFKSDGRQLWVXSSHUVXUIDFHHQDEOLQJDUDQJHRIJHVWXUHFRQWUROV7KHPRXVHLVFRPSDWLEOH
ZLWK$SSOHFRPSXWHUVUXQQLQJWKHYHUVLRQVRIWKH$SSOH26;RSHUDWLQJV\VWHPODWHUWKDQ26
;(O&DSLWDQZKLFKZDVLVVXHGLQ7KHPRXVHFRQQHFWVWRWKHFRPSXWHUXVLQJDZLUHOHVV
EOXHWRRWKFRQQHFWLRQDQGLVSRZHUHGE\DOLWKLXPLRQEDWWHU\ZKLFKLVFKDUJHGWKURXJKD
86%FRQQHFWLRQ

),*85(+(5(!

7KHPRXVHKDGEHHQFKDUJLQJSULRUWRXVHDQGXVHUVGLVFXVVHGWKHIDFWWKDWWKHPRXVH
KDGWREHFRQQHFWHGYLDDFDEOHSOXJJHGLQWRWKHEDVHRIWKHPRXVHDQGWKXVSUHYHQWLQJLW
IURPEHLQJXVHGZKLOHFKDUJLQJ2QFHWHVWLQJFRPPHQFHGRQHRIWKHILUVWWKLQJVGLVFXVVHG
E\WKHXVHUWHVWLQJJURXSZDVWKHIHHORIWKHFOLFNZKHQWKHEXWWRQZDVSUHVVHG7KH
VLJQLILFDQFHRIWKHEXWWRQDFWLRQZDVRQHRIWKHPRVWSURPLQHQWIHDWXUHVRIHDFKGLVFXVVLRQ
EXWZDVSDUWLFXODUO\VLJQLILFDQWLQWKLVFDVH3DUWRIWKHUHDVRQIRUWKLVZDVWKDWRQHXVHU8VHU
IHOWWKDWWKHPRXVHKDGDVDWLVI\LQJFOLFNZKLOH8VHUIRXQGWKHDEVHQFHRISK\VLFDO
EXWWRQVWREHH[WUHPHO\IUXVWUDWLQJ7KH0DJLF0RXVHKDVDQXQXVXDOK\EULGV\VWHPLQZKLFK
WKHVXUIDFHRIWKHPRXVHFDQEHGHSUHVVHGZLWKWKHSRVLWLRQRIWKHILQJHURQWKHVXUIDFH
GLFWDWLQJZKHWKHUWKLVUHSUHVHQWVDULJKWRUDOHIWFOLFN,QWKLVZD\$SSOHKDYHUHWDLQHGWKH
DSSDUHQWVLPSOLFLW\RIWKHVLQJOHEXWWRQVHHWKH0PRXVHGHVFULEHGDERYHZKLOH
LQFRUSRUDWLQJWKHIXQFWLRQDOLW\RIDWZREXWWRQPRXVH

7KHPXOWLWRXFKVXUIDFHRIWKHPRXVHDOVRGLYLGHGRSLQLRQ8VHUVZHUHDVNHGWRVFUROO
WKURXJKDGRFXPHQWE\SXOOLQJWZRILQJHUVEDFNDFURVVWKHVXUIDFHRIWKHPRXVH$JDLQ
8VHUVDQGIRXQGWKLVWREHUHODWLYHO\LQWXLWLYHZKLOH8VHUVDQGIRXQGWKHODFNRID
SK\VLFDOGHYLFHHJDPRXVHZKHHOWREHSUREOHPDWLF
2QHIHDWXUHLGHQWLILHGE\DOOXVHUVZDVWKHORZSURILOHRIWKHPRXVH,QHDFKFDVH
XVHUVIHOWWKDWWKLVUHTXLUHGWKHKDQGWREHKHOGLQDQXQFRPIRUWDEOHSRVLWLRQ7KHPRXVHXVHV
DQRSWLFDOWUDFNLQJV\VWHPZKLFKDOOXVHUVIHOWWREHVPRRWKDQGUHVSRQVLYH
$OOXVHUVDFNQRZOHGJHGWKHDSSDUHQWO\KLJKEXLOGTXDOLW\RIWKHPRXVHDQGWKHXVHRI
KLJKTXDOLW\PDWHULDOV8VHUREVHUYHGWKDW$SSOHVHHPWREHDWWHPSWLQJWR³UHLQWURGXFH
WKHLGHDRIWKHPRXVHDVDGHVLUDEOHVSHFLDOLVWSLHFHRIHTXLSPHQW´DVDQDWWHPSWWRUHYHUVH
WKHWUHQGWRZDUGVFRPPRGLILFDWLRQZKLFKKDVWDNHQSODFHVLQFHWKHLQWURGXFWLRQRIWKH
0PRXVH8VHUVWDWHGYHU\HPSKDWLFDOO\WKDWKHWKRXJKWWKDWWKLVZRXOGEH
XQVXFFHVVIXO

$QDO\VLVDQG&RQFOXVLRQV
7KHQDWXUHRIWKHUHDFWLRQVIURPRXUJURXSZDVUHYHDOLQJRIWKHFRPSOH[UHODWLRQVKLSVZKLFK
H[LVWEHWZHHQSHRSOHDQGKLVWRULFDODQGQHDUFRQWHPSRUDU\WHFKQRORJ\7KHUHVSRQVHVWR
FRPSXWHUPLFHGHVFULEHGZLWKLQWKLVVWXG\DUHUHSUHVHQWDWLYHRIDQDFFXPXODWHGSHUVRQDODQG
FXOWXUDOKLVWRU\RIWHFKQRORJ\7KHVHVWRULHVDUHVRPHWLPHVHYLGHQWLQWKHREMHFWVWKHPVHOYHV
LIWKH\VKRZSK\VLFDOVLJQVRIZHDURUKDYHEHHQGHOLEHUDWHO\PRGLILHG3HUKDSVPRUH
VLJQLILFDQWO\WKRXJKWKHXVHRIWKHVHREMHFWVDFWVDVDFDWDO\VWIRUPHPRU\([SHULHQFHVRI
FRPSXWLQJZKLFKDUHRIJUHDWSHUVRQDORUVRFLDOVLJQLILFDQFHPD\EHIRUJRWWHQRUDWOHDVW
KDUGHUWRUHFDOORUOHVVDFFHVVLEOHZLWKRXWWKHVHFROOHFWLRQV

6XSHUILFLDOO\FRPSXWHUPLFHVHHPOLNHDKRPRJHQRXVFDWHJRU\RIREMHFWV+RZHYHU
HYHQWKHEULHIXVHUWHVWLQJXQGHUWDNHQLQWKHZULWLQJRIWKLVSDSHUGHPRQVWUDWHGVXEVWDQWLDO
YDULDWLRQVLQXVHUH[SHULHQFH3HUKDSVWKHPRVWVWULNLQJH[DPSOHRIWKLVZDVWKHGLVFRPIRUW
IHOWE\WKHXVHUWHVWHUVZKHQFRQIURQWHGZLWKDRQHRUWKUHHEXWWRQPRXVHRQWKH0DFLQWRVK
DQG$FRUQFRPSXWHUV7KHVHGHVLJQVZHUHRQFHFRPPRQSODFHDQGWKHLUXVHZDVDQHVVHQWLDO
SDUWRIPDLQVWUHDPKRPHDQGRIILFHFRPSXWLQJ,QWKHVXFFHVVLYH\HDUVLQWXLWLYH
NQRZOHGJHRIWKHVHV\VWHPVDQGKRZWRXVHWKHPKDVEHFRPHOHVVFRPPRQSODFH,WLV
SRVVLEOHWKURXJKGRFXPHQWDU\UHVHDUFKWRUHOHDUQWKHXVHRIWKHVHNLQGVRIGHYLFHVDQGWKHLU
RSHUDWLQJV\VWHPVEXWWKH\DUHQRORQJHUSDUWRIWKHSRSXODUXQGHUVWDQGLQJRIFRPSXWHUXVH
7KHIDFWWKDWDOOEXWRQHRIWKHVHPLFHDUHUHGXQGDQWZLWKLQ\HDUVRISURGXFWLRQLVWHOOLQJ
RIWKHHUDZLWKLQZKLFKWKHVHWHFKQRORJLHVZHUHGHYHORSHG)DOOLQJFRVWVRISURGXFWLRQDV
HYLGHQFHGLQWKHFKDQJHLQSODFHRIPDQXIDFWXUHIURP86$WR&KLQDEHWZHHQWKHHDUO\DQG
ODWHH[DPSOHVKDYHFUHDWHGDVLWXDWLRQLQZKLFKLWLVFKHDSHUWRGLVFDUGDQGUHSODFHWKDQLWLV
WRUHHQJLQHHUDQGUHXVHH[LVWLQJWHFKQRORJ\
,WPD\EHDUJXHGWKDWWKHORVVRIVKDUHGPHPRULHVRIFRPSXWHUPLFHGRHVQRWSRVHD
IXQGDPHQWDOWKUHDWWRRXUXQGHUVWDQGLQJRIWHFKQRORJLFDOFKDQJHRURXUXQGHUVWDQGLQJRIWKH
KXPDQH[SHULHQFHRIWHFKQRORJ\LQWKHODWHWZHQWLHWKFHQWXU\+RZHYHUVXFKORVVLV
UHSUHVHQWDWLYHRIDEURDGHUWUHQGIDFLQJWKHWDQJLEOHDQGLQWDQJLEOHKHULWDJHRIGLJLWDO
WHFKQRORJ\WKHHURVLRQRIWHQZLWKRXWUHFRUGRIHYHU\GD\TXRWLGLHQWHFKQRORJLHVDQGWKH
SODFHVPRVWDVVRFLDWHGZLWKWKHPWKHORVVRIWKHHYHU\GD\WH[WXUHDQGIDEULFRIWHFKQRORJ\
XVHGXULQJWKLVSHULRG
7KLVSDSHUFULWLFDOO\H[DPLQHVWKHLPSDFWZKLFKDSHULSKHUDOWHFKQRORJ\KDVKDGXSRQ
WKHH[SHULHQFHRIFRPSXWLQJLQWKHODWHWZHQWLHWKDQGHDUO\WZHQW\ILUVWFHQWXULHVDQGWKH
LPSRUWDQFHRIWKLVPDWHULDOFXOWXUHDVDGRFXPHQWRIWKLVSDVW:HDUHQRWQHFHVVDULO\

VXJJHVWLQJWKHSUHVHUYDWLRQRUUHWHQWLRQRIWKRXVDQGVRIPLFHLQPXVHXPFROOHFWLRQVIRU
IXWXUHVWXG\DQGGLVSOD\RUHYHQWKDWSODFHVDVVRFLDWHGZLWKPLFHVKRXOGEHSUHVHUYHG±WKHLU
SODFHVRIPDQXIDFWXUHIRUH[DPSOH5DWKHUZHDUJXHPHUHO\IRUWKHLUVLJQLILFDQFHDVHYHU\GD\
REMHFWVVXJJHVWLQJWKDWTXRWLGLDQGLJLWDOWHFKQRORJLHVKDYHEHHQLQVWUXPHQWDOLQVKDSLQJ
VRFLDODQGFXOWXUDOPLOLHXRIWKLVSHULRGPHGLDWLQJRXULQWHUDFWLRQVZLWKDQGXQGHUVWDQGLQJV
RIFRPSXWDWLRQDOWHFKQRORJ\DQGVKDSLQJRXUXQGHUVWDQGLQJVRIWHFKQRORJ\DVSDUWRI
HYHU\GD\OLIH7KH\DOVRSURYLGHDYDOXDEOHPDWHULDOUHFRUGRIRXUUHODWLRQVKLSZLWK
WHFKQRORJ\GXULQJWKLVSHULRG7KHGHWDLOHGYLVXDODQGWDFWLOHVWXG\RIWKHVHREMHFWVKDV
DOORZHGXVWRDGGQXDQFHDQGFRPSOH[LW\WRRXUXQGHUVWDQGLQJRIWKLVXQGHUVWXGLHG
WHFKQRORJ\DQGDGGVDVLJQLILFDQWPDWHULDOGLPHQVLRQWRRXUXQGHUVWDQGLQJRIREMHFWV-RQHV
DQG$OEHUWL
2XUDQDO\VLVRIWKHVHFRPSXWHUPLFHKDVUHYHDOHGWKDWGHVSLWHWKHLUVXSHUILFLDO
VLPLODULWLHVWKHVHREMHFWVH[KLELWFRQVLGHUDEOHHYLGHQFHRIGLYHUVLW\DQGFKDQJHRYHUWLPH
7KHVHFKDQJHVUHODWHWRWKHVW\OHPDWHULDOVPHWKRGVRIPDQXIDFWXUHDQGXQGHUO\LQJ
WHFKQRORJLHV7KLVGLYHUVLW\DIIHFWVWKHH[SHULHQFHRIWKHXVHUDQGWKHDIIRUGDQFHVRIWKH
GHYLFH7KHVHGLIIHUHQFHVDUHWKHUHIRUHLQVWUXPHQWDOLQDQ\DVVHVVPHQWRIKLVWRULFDO
VLJQLILFDQFH,QWKHKLVWRU\RIFRPSXWHUPLFHZHVHHWKHHDUO\KLVWRU\RIKXPDQFRPSXWHU
LQWHUDFWLRQLQPLFURFRVP
7KHFRPSXWHUPRXVHUHPDLQVDQLQWXLWLYHGHYLFHIRUPRVWFRPSXWHUXVHUV7KHXVHRI
YHU\HDUO\PLFHLQWKLVVWXG\KHOSHGWRUHYHDOWKHH[WHQWWRZKLFKWKHSUDFWLFDODIIRUGDQFHVRI
WKHWHFKQRORJ\KDYHFKDQJHG7KHVHFKDQJHVLQFOXGHEXWDUHQRWOLPLWHGWRWKHVPRRWKQHVV
ZLWKZKLFKXVHUJHVWXUHLVWUDQVODWHGLQWRPRWLRQRQVFUHHQWKHUDQJHRIIHDWXUHVVFUROOLQJ
ZKHHOVWRXFKVHQVRUVDQGWKHUREXVWQHVVRIWKHWHFKQRORJ\KRZRIWHQLVWKHVLJQDO
GLVUXSWHG"7KHVHH[SHULPHQWVSURYLGHDUHPLQGHUWKDWWLQ\LWHUDWLYHFKDQJHVFDQRYHUWLPH

FUHDWHDIXQGDPHQWDOWUDQVIRUPDWLRQRIDWHFKQRORJ\,QWKHFDVHRIWKHFRPSXWHUPRXVHWKHVH
FKDQJHVUHIOHFWWKHLQWHUSOD\EHWZHHQSK\VLFDOXVHSDWWHUQVKRZYLDEOHLVDULJLGGHGLFDWHG
PRXVHSDGLQWKHHUDRIOLJKWZHLJKWODSWRSV"DQGWKHUHTXLUHPHQWVRILQFUHDVLQJO\FRPSOH[
JUDSKLFDOXVHULQWHUIDFHV
)RUWKHILUVWWLPHVLQFHWKHLQWURGXFWLRQRIWKHJUDSKLFDOXVHULQWHUIDFHGHFOLQLQJVDOHV
RIPLFHKDYHUHFHQWO\EHHQUHSRUWHG$XFKDUG7KLVFKDQJLQJWUDMHFWRU\GRHVQRW
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